INTRODUCTION.
' The oil shale in northeastern Utah was examined at three or four widely separated localities in 1913 with rather discouraging results. 1 Two years later the study was begun in more detail by the writer near Watson,2 and in view of the encouraging findings of this work a party under the direction of the writer during the field season of 1916 studied the zone of oil shale along the south side of the Uinta Basin from Watson west to Soldier Summit. This work included rough mapping of the outcrop of the rich shale zone, together with the testing of numerous samples to determine the approximate value of the shale as a future source of shale oil. In so far as they apply to that part of the Uinta Basin lying in Utah, data obtained during the previous investigations are repeated here so that the basin may be studied as a unit. The writer was assisted in the field by W. B. Wilson and John N. Massey, each of whom had participated in the work of 1915. The apparatus described in detail in Bulletin 641 was used to make th'e field distillations of the shale.
The reconnaissance studies of the Uinta Basin have proved the existence along its entire southern margin of a bed or beds of oil shale of minable thickness and as rich as or richer than those mined in Scotland at the present time. Previous examinations by members of the Geological Survey have revealed the fact that at practically all points along the north side of the basin, the Green River formation (containing the oil shale) is concealed beneath younger Tocks which overlie the oil-shale beds unconformably, so that the area within the Uinta Basin underlain by oil shale can not be determined without extensive prospecting with the drill. However, evidence at hand seems to indicate that the oil shale may be present beneath a great part of the basin, and it is estimated that The field work on which the present report is based provided no opportunity for careful study of rocks other than those associated directly with the oil shale, but it was possible to make some observations of geologic phenomena in the adjacent rocks which appear worthy of record.
The Tertiary rocks that occupy the interior of the Uinta Basin have been subdivided into four formations the Wasatch, Green River, Bridger, and Uinta the division being based on stratigraphic and paleontologic evidence. The Wasatch, the oldest of these forma-tions, consists of coarse sandstones, highly colored shales, and conglomerates, with here and there thin lenses of coal. The Green River, which contains the oil shales, overlies the Wasatch and underlies the Bridger. It includes evenly and thinly bedded gray and white calcareous shale, with some sandstone, oolite, and limestone. The Bridger and Uinta formations comprise irregularly bedded somber-colored clay shale and ferruginous sandstone, and are distinguished from each other largely by then-different fossil content, each formation being very fossiliferous.
Hydrocarbon materials have been found in all four formations, although bedded deposits (asphaltic sandstone and oil shale) are known only in the Wasatch and (jreen River. Veins of gilsonite, elaterite, ozokerite, and other related hydrocarbons cut all the Tertiary formations of the Uinta Basin.
WASATCH AND GREEN RIVER FORMATIONS.
The .older part of the Tertiary section in the Uinta Basin is represented by a series of conglomerates, conglomeratic sandstones, shale, oolite, limestone, and oil shale, the lower part of which is undoubtedly of Wasatch age, and the upper part, containing the beds of oil shale, is of Green River age. The correlation of the middle part of this series on lithologic evidence is very difficult, especially over broad areas, inasmuch as the individual beds are not persistent and are variable in character and fossil evidence is lacking. The base of the Wasatch formation has been mapped in several areas around the margin of the basin in Colorado and Utah,1 and a zone of rich oil shale' occurring in the Green River formation has been examined and mapped across the south and east sides of the basin,2 but the line between the two formations has never been studied. A comparison of the materials in this stratigraphic interval as exhibited in sections studied in northwestern Colorado and northeastern Utah leads to the conclusion that deposition was uninterrupted throughout the time represented by the two formations, although the conditions of deposition varied from place to place.
At De Beque, Colo., Woodruff 3 included in the Green River formation 1,250 feet of gray shale and sandstone below the rich oil-shale zone, and referred to the Wasatch formation more than 4,000 feet of beds, including much red and green shale, with some thin beds of coal.
Northeast of Watson, Utah, in Hells Hole Canyon (see map, PI. XII, in pocket), the writer' 1 included in the Green River formation 700 feet of gray shale and sandstone below the oil shale. Below this there was a great thickness of red and varicolored shale and coarse sandstone. Only a few miles from this section, at the Old Black Dragon mine, southwest of Dragon, Utah, the 600 feet of rocks immediately below the oil shale includes, according to Woodruff,2 a large proportion of oolite and pisolite, with but little shale. Woodruff reports "petroliferous sandstone from which asphalt seeps," in beds classified by him as Wasatch, and the writer observed in sec. 9, T. 12 S., R. 25 E., sandstones saturated with asphalt (PI. V, A) in the Green River formation only a few feet below the oil-shale zone. A peculiar bed of concretionary oolite (PI. V, B) about 50 feet below the oil shale extends westward from Dragon beyond Bitter Creek to Willow Creek, a distance of nearly 50 miles.
In Desolation Canyon of Green River (see PI. VI, A) the rocks below the oil shale include many thick beds of reddish-brown sandstone, and farther west, near Sunnyside, Clark,3 jn a detailed study of the geology of the Sunnyside quadrangle, has found it impossible to subdivide the 4,500 feet of rocks between the oil shale and the base of the Wasatch formation, although beds of asphalt-saturated sandstone, which locally compose nearly the whole of 1,500 feet of rocks beneath the oil shale, are not present in the lower part of the series.
Along Ninemile and Argyle creeks (PI. VII, A) above their junction there is a predominance of white shale in the rocks below the principal oil-shale zone, and a second series of oil-shale beds occurs nearly 1,000 feet below. The lower shale zone was not observed east of locality 169,4 in sec. 12, T. 12 S., R. 13 E., but to the west, in Kyune Canyon, along White River, and near Old Tucker the zone contains several beds of fairly rich oil shale.
In Kyune Canyon near Colton thin beds of good bituminous coal are interbedded with the oil shale of the lower zone, and in White River canyon north of Soldier Summit there are beds of limestone between the lower shale zone and the more persistent upper oil-shale beds. East of Ephraim, Utah, about 50 miles south of Soldier Summit, on the top of the Wasatch Plateau, there is several hundred feet of massive fossiliferous limestone above the lower oilshale zone.
In Soldier Fork canyon west of Narrows there is beneath the lower shale zone a great thickness of coarse boulder-bed conglomerate which probably represents the Wasatch formation. If these boulder beds are i Winchester, D. E., Oil shale in northwestern Colorado and adjacent areas: U. S. Geol. Survey Bull. 641, pp. 183-186,1916. a Woodruff, E. G., and Day, D. T., op. cit., pp. 16,17. s Clark, F. R., op. cit. < Locality numbers given in the test correspond to those used on the map (PI. XII).
correctly correlated they certainly indicate that the source of material contained in the Wasatch formation must have been very close to the west edge of the area here mapped. In contrast to this, the overlying Green River shales are very fine grained and thin bedded near Old Tucker, as well as across the entire southern rim of the basin, indicating that the material for these beds had been transported a much greater distance. The irregularity in bedding and the coarseness of the beds in the lower part of the series indicate changing local conditions during their deposition, whereas the remarkable persistence and uniformly thin-bedded and fine-grained character of the oil shale indicate stability of conditions. The oil-shale beds were laid down in a great fresh-water lake, the waters of which must have been fairly deep, because much of the fossil material contained in the beds represents a very low order of plant life, which could not have withstood the grinding action of such waves as would have occurred on a lake as extensive as the Uinta Basin (175 miles east to west by 50 miles north to south). The fossils of the Green River formation include remains of algae and other low forms of plant life, parts of higher plants (pollen grains, a few leaves, etc.), scales (see Pis. VIII and IX) and skeletons of fish, fresh-water shells, insect remains, and bird remains. The plant specimens are largely microscopic in size.
During the field work detailed stratigraphic sections of parts of the Green River formation were measured at points several miles apart along the outcrop of the oil shale, where samples were taken for distillation tests. It was not possible.to make careful study of the rocks except at these widely separated localities, hence the correlation of individual beds is not attempted. The examination was sufficient, however, to justify the statement that the principal zone of rich oil shale is the same along the entire southern rim of the basin.
The detailed sections are given below. The beds of shale that are known by testing or are estimated to yield 15 gallons of oil or more to the ton of shale are indicated by heavy type in the sections. The somber-colored clay shales and coarse sandstones that occupy the interior of the Uinta Basin have been subdivided into two formations the Bridger and Uinta on the basis of their fossils. Along the southern margin of the basin the older of the two (the Bridger) rests on the Green River formation without angular unconformity, but along the north side of the basin it overlaps older formations, entirely obscuring the Green River and in most places covering the Outcrop of the Wasatch beds. So far as known neither of these formations includes bituminous beds, either oil shale or saturated sandstones.
Sections of Green River formation.

FOSSIL VEGETABLE MATTER OF OIL SHALE OF GREEN RIVER FORMATION (GENERAL VIEWS).
The southern limit of the Bridger formation was observed at several places during the field work, and the approximate limit of that formation is shown on the map (PI. XII, in pocket).
GEOLOGIC STRUCTURE.
The Uinta Basin is a broad, shallow syncline whose axis trends in a general easterly direction and lies near the north side. The beds dip very gently (l°-2°) toward the center of the basin along its southern margin, more steeply around the west end, and at even greater angles on the north side, along the Uinta Mountains. So far as known the only exception to this general structure is near the head of Hill Creek, where there is evidence of a low dome that causes the outcrop of the oil-shale beds to bend considerably toward the south.
The deformation by which the basin was formed occurred after the deposition of the Green River formation, which contains the oil shale, but before that of the succeeding Bridger formation. There have been other earth movements, however, even since the youngest sedimentary formation (Uinta) of the basin was deposited, as is shown by the presence of great cracks or fissures filled with hydrocarbon material. The origin of these cracks is a disputed question, but the fact that there is neither vertical nor lateral displacement along the fissures and also the fact that their direction bears no consistent relation to the strike of the beds suggest that the cracks are the products of tension, produced perhaps by cooling or drying of the sediments. Where the fissures cut formations that are largely sandstone they present clean-cut walls, but where they cut the beds of oil shale (PL VI, B, p. 31), as near Watson, there is no break filled with hydrocarbon, but the movement was apparently taken up by the shale without fractures.
The deformation of the oil-shale beds of the Uinta Basin is not sufficient, except in very small areas, to hinder materially the mining of the beds of shale by methods used in mining horizontal coal beds, and in many places the surface of the land has the same attitude as the underlying beds and the overburden to the rich shale beds is thin, so that steam-shovel mining can be' practiced without difficulty.
THE OIL SHALE.
GENERAL CHARACTER.
Good oil shale is black or brownish black except upon weathered surfaces, where it is bluish white or white. It is fine grained, slightly calcareous, and as a rule free from grit. It is tough and in thinbedded deposits remarkably flexible. (See PI. X, B.) Thb\ flexibility of oil shale distinguishes it from ordinary carbonaceous shale, which is brittle. Although oil shale is made up of thin laminae, this is not apparent in some specimens until after the rock has been heated and the %oil driven off. . Freshly broken oil shale gives off a peculiar odor similar to that of crude petroleum, although the shale contains little oil as such or bituminous matter that is soluble in ether, chloroform, carbon bisulphide, or other solvents of bitumen. Experiments by the writer have shown that from a sample of shale which yielded by distillation oil equivalent to about 14 per cent of its weight it is possible to extract with carbon bisulphide oil at the rate of only about 1 per cent of the original shale in other words, less than 10 per cent of the oil that can be distilled off is extractable with carbon bisulphide. Oil shale contains a large amount of carbonaceous matter (largely remains of lower plants, including the algae), which is probably the ultimate source of the products of distillation. Thin splinters of oil shale will burn with a very sooty flame and give off an asphaltic odor when ignited with a match. Oil shale is heavier than coal, having an average specific gravity of about 1.60,1 and the richer shales are lighter in weight than the leaner ones. Analyses of oil shale of the Green River formation 2 show an average ash content of about 60 per cent; six samples having an average yield of 41 gallons of oil to the ton of shale (8.4 to 86.8 gallons) contained an average of 59.83 per cent of ash (45.73 to 79.0 per cent). As the ash content in good coal is less than 10 per cent, oil shale can not be profitably used directly for fuel. The shale to be used must be mined like coal, then crushed and distilled in huge retorts, giving off crude shale oil, ammonia, and fuel jas as the valuable products.
RESULTS OF TESTS.
During the field work samples of the shale were taken at numerous places where the Green River formation crops out along the south side of the Uinta Basin in Ut^i. Most of the samples represent beds of shale including good oil shale having a minable thickness, but several samples taken for study represent thin beds of rich shale and thick beds of lean shale. The distillation tests Were made with the crude apparatus described in a previous report,3 and the results are only approximate, but they afford a rough estimate of the value of the shale as a source of oil. The variations in temperature obtained in the small field apparatus probably affect the quality more than the quantity of the oil. Distillation without the injection of steam probably makes the quantity of ammonium sulphate produced much less than may be obtained in commercial practice, in which steam will be injected into the heated retorts; therefore the results of the ammonium sulphate determinations are much less complete and reliable than the oil determinations. In the field the uncondensed inflammable gas was not measured, but former tests of similar shale show that the distillation of oil shale will produce a large amount of combustible gas that may be used for fuel. According to Cadell 4 
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THE SHALE OIL.
PKOPERTIES AND VALUE.
Most oils obtained from the distillation of shale are reddish brown and at ordinary temperatures range from a thin liquid to a semisolid vaseline-like product. The specific gravity of snale oil obtained in the field apparatus ranges from 0.859 (32.98° Baume*) to 0.9327 (20.10° Baume") and averages 0.8966 (26.14° Baume"). It is probable that a large part of the difference in the shale oil from different shales is due to variations in the temperature of distillation. Fractionation of shale oil gives the following products:1 Gasoline (distillate to 150° 'C.), 7 to 12 per cent; kerosene (150°-300° C.), 28.5 to 49 per cent; asphalt, 0.47 to 4.10 per cent; paraffin, 1.63 to 9.21 per cent; sulphur, 0.4l to 1.42 per cent; nitrogen, 0.887 to 2.198 per cent.
The large percentage of nitrogen noted above may be greatly lessened in commercial practice, in which steam will probably be injected into the retorts during the distillation.
The refining of shale oil is a rather complicated process, as the oil must be distilled many times in order to separate successfully the different ingredients, which have varying degrees of volatility and specific gravity. A small amount of "shale spirit" may be obtained from the permanent gas derived from the original distillation, but most of the valuable hydrocarbon products will be produced from the shale oil itself. The diagram reproduced in figure 19 , compiled by H. M. Cadell and printed in his recent work "The story of the Forth," shows the products of the various stages of distillation roughly in proportion to the amount of the product and illustrates briefly the complexity of the refining industry as well as the variety of products derived from the oil shale of Scotland. Although the products of the American oil-shale industry will doubtless be different from those obtained in Scotland, where the profit is derived largely from liquid and solid products, and also different from those of New South Wales, where the "shale" is used largely in the manufacture of gas, the variety of the American products may be large. It is quite probable that products of especial value will be discovered during the chemical research which should precede and accompany the development of an oil-shale industry in the United States. The oil shale of this country has until recently received very little attention, chiefly because petroleum has been abundant. Before petroleum was discovered in Pennsylvania the Mormons distilled oil from shale near Juab, Utah, where the ruins of an old still qan yet be seen (PI. XI). Many attempts have been made to distill cannel.coal, and a few experiments have been made with the Devonian black shale of the East, but no shale-oil industry has been established in America. According to Baskerville x there were 55 shale-oil companies in the United States in 1860. "Many of the companies were of small capacity, and most of them were not more than fairly started when the discovery of petroleum paralyzed the industry." Recently, however, the great increase in the demand for gasoline and fuel oil and the failure to discover large new oil fields have caused interested companies and geologists to turn to the oil shales, and already several small experimental plants are in process of construction, and there appears a good chance that others will follow.
ORIGIN.
Although the oil shales of different countries and areas vary considerably in character and composition and the oil obtained 'by the distillation of oil shale may not all be derived from the same source, there seems to be ample proof that the oil from the oil shale of the Green River formation is largely obtained by the destructive distillation of the partly bituminized vegetable matter contained in the shale. It has been argued by some authors 2 that the oil is not indigenous to the shale from which it can be distilled but was formed elsewhere and then migrated to the shale, where it has become adsorbed and inspissated, so that it can not be extracted by solvents of petroleum but must be obtained by destructive distillation. According to Cunningham-Craig the oil originated in the coal beds of underlying formations; Coste is inclined to attribute the oil to inorganic sources. Steuart 3 has suggested that "kerogen" (the oil-yielding substance of oil shale) has been produced from organic matter by the action of microbes under special circumstances, .the products being dependent on the microbe, or that "kerogen" may be the remains of certain kinds of vegetable matter, perhaps little altered, the product being dependent on the kind of original organic material. It is the present writer's opinion that to the type of original material is due, at least in large part, the transformation into oil-yielding substance rather than into coal.
i Baskerville, Charles, Economic possibilities of American oil shales: Eng. and Min. Jour., vol. 88, pp. 149-154, 195-199, 1909. aCunningham-Craig, E. H., Origin of oil shale: Roy. Soc. Edinburgh Proc., vol. 36, pp. 44-86, 1916 . Coste, Eugene, Oil shales.of Elko, Ney.: Am. Inst. Min. Eng. Bull., pp. 1403 -1404 , 1914 s Steuart, D. R., The chemistry of the oil shales: The oil shales of the Lothians, 2d ed., pt. 3, p. 164, Scotland Geol. Survey Mem., 1912. x An examination of the shales of the Green River formation has shown that invariably the shale showing the larger percentage of vegetable debris will yield the most oil and vice versa, and that shale beds occurring between beds of rich oil shale may be equally compact and fine grained and yet yield no oil on distillation. There appears to be no reason why oil migrating into the shales should not penetrate all alike, and the oil might be expected to follow the beds of least resistance that is, the coarser beds of sandstone which are interbedded with the shales. It is true that there are beds of sandstone which are locally saturated with asphalt, but there are also persistent beds of sandstone adjacent to rich oil-shale beds and even lenses of sandstone completely surrounded by good oil shale which show no signs of oil or asphalt. It seems certain that if the oil had migrated into the shale such porous sands would contain at least small quantities of oil that might be obtained by distillation.
That oil as such is present in the Green River oil shale is proved by the odor of petroleum given off by rock that is freshly broken and also by the fact that some oil may be dissolved out of the richer shales by ether, carbon bisulphide, etc., and it is possible that an even larger percentage has existed as oil but is now inspissated and has been adsorbed by the shale particles. The fact that after treatment with carbon bisulphide continuously for a period of three weeks oil shale was still capable of yielding on distillation oil that was not extracted by the solvent .indicates that probably earth processes have not completely converted the vegetal matter to petroleum.
In examining the papers of Dr. C. A. Davis since his death the writer discovered the following notes, which indicate his ideas as to the origin of the oil in oil shale after returning from the field in 1914:
RELATION OP BITUMINOUS COMPOUNDS TO MINERAL MATTER IN THE OIL SHALE OF THE GREEN RIVER FORMATION.
[Notes by C. A. Davis, dated Oct. 30,1914.] The shale is composed of organic matter, bituminous matter, and mineral matter. The amount of bituminous matter increases as the mineral matter decreases that is, it increases with the increase of organic matter in the shales. However, it needs only a casual inspection of the shales in place to see that the beds run very irregular in mineral matter; the rich shales are very compact and almost as impervious as rubber, being made up of what seem to have been partly decomposed remains of minute plants, algae, fungi, spores, pollens, bacteria, etc., embedded as a jelly-like mass; between these there are few, if any, interspaces, and such grains of mineral matter as are present seem to be firmly embedded in this jelly-like mass. Some thin sections show the silt to be exceedingly fine and in thin laminae which are much thinner than the laminae of combustible material of the section. In fact, the mineral part of the rich bed is physically so minute that if it were the sole orignal material into which the bituminous matter was injected, the intrusion must have greatly distorted the beds overlying the invaded beds, but even where the layers are very thin no such distortion is observable. If the invasion by the bituminous matter occurred while the beds were still forming and the grains were free to move, it would be necessary to assume that the silts were dry, a possibility that seems barred by the great number of algae and other water plants present in the deposit. If the silt and sandy layers were dry it is also difficult to see how the finer, more compact layers absorbed and retained so much more bituminous matter than those containing larger grains and having a large number of capillary interspaces, for although a given volume-of clay will hold more water than the same volume of sand, it is evident that the rich beds in these oil shales, volume for volume, contain a vastly smaller amount of mineral matter than the leaner sandy beds. If, on the other hand, the bituminous matter originated in the highly organic beds and has begun to migrate under pressure or other factors, the most obvious place for it to be stored first would be in the adjacent more sandy beds, and from this theory it would be expected that the more sandy beds would yield larger percentages of more volatile petroleum than the others. If, however, the bituminous matter is held in the partly bituminized organic matter seen in an incompletely decomposed state in the shale, heat might decompose the parent fossil material, and petroleum in quantities proportionate to the percentages of the plant remains might be produced, and from both kinds of shale the product would be essentially the same. These facts seem to be developed in reported tests.
NITROGEN.
Analyses of 18 samples 1 of oil shale of the Green River formation, each of which gave 15 gallons or more of oil to the ton, show an average nitrogen content of 0.64 per cent, which is equivalent to 59.4 pounds of ammonium sulphate to the ton of shale. In the destructive distillation of oil shale it is not possible to reclaim all the nitrogen in the form of ammonium sulphate, either in the commercial works or in the laboratory. Part of the nitrogen will be driven off as ammonia, part will be removed as organic nitrogen compounds (pyridine compounds, etc.) and be retained in the shale oil, and some will be retained in the ash.
According It will be seen by these figures that by dry distillation of the oil shale of Scotland approximately 40 per cent of the total nitrogen in the shale may be reclaimed as ammonia and converted into ammonium sulphate. By distillation with steam, according to Charles Baskerville,1 60 to 70 per cent of the total nitrogen in oil shale should be reclaimed as ammonia. It seems probable, therefore, that the oil shales of the Green River formation, containing nitrogen equivalent to as much as 60 pounds 'of ammonium sulphate to the ton of shale, should yield as much as 35 pounds of ammonium sulphate to the ton when distilled with steam, as in the commercial practice of Scotland. With this figure as a basis it is estimated that the oil shale of the Uinta Basin in northeastern Utah is capable of producing 500,000,000 tons of ammonium sulphate as a by-product in the production of shale oil.
Woodruff and Day2 reported the presence in shale oil of "pyridine compounds easily extracted from the shale oil by dilute acids," and it has been suggested that these compounds may occur in sufficient quantity to be of value as such. Fifteen samples of oil from shale distilled in the field apparatus previous to the 1916 field season and discussed in a previous report3 were therefore submitted to the Bureau of Mines for study. The samples were chosen to represent wide geographic distribution, as well as great range in character of shale. The following 641, pp. 138-198,1916. The percentage of "pyridine compounds" is large for the samples tested. It is suspected that the distillation of shale,with the injection of steam into the heated retort will convert a considerable part of the nitrogen (here present in the oil as "pyridine compounds") into ammonia in the gas, which will be reclaimed as ammonium sulphate. Here again is needed research to determine the effect of steam on the nitrogen of the shale and the relative cost and value, as end products, of ammonia sulphate and the "pyridine compounds" produced by the dry distillation of oil shale.
VEIN HYDROCARBONS.
Hydrocarbon materials filling fissure veins are common in the Uinta Basin. Of the different varieties gilsonite, elaterite, tabbyite, albertite, wurtzilite, and nigrite are asphaltic materials, and ozokerite is of the paraffin type. In this region the ozokerite is known only in veins that cut rocks of the Wasatch formation, which is older than the oil shale, but the asphaltites are found chiefly in veins that cut beds younger than the oil shale and all in Green River or younger formations. One thick vein of gilsonite west of Watson is known to cut rocks both above and below the oil-shale beds, although the oil shale shows no actual vein and no trace of gilsonite in the bedding planes in line with the vein above and below. (See PI. VI, B', p. 31.) This vein has been mined extensively at the Rainbow and Temple mines, where the fissure was formed in the heavy sandstone beds above the ; thin-bedded oil shale, and also at the Old Black Dragon mine, where the vein cuts beds of oolite and sandstone below the oil shale. The depth to which the veins extend has never been tested even in the Old Black Dragon mine, where the workings had not gone much below the level of the canyon bottom before a fire in the mine pirevented further work. In the lowest workings the wall rocks belong to the Green River formation.
The source of the hydrocarbon material filling the fissures of the 'Uinta Basin is not known, although Eldridge x has suggested that it came from below under pressure, where it was originally formed in black shales of perhaps Cretaceous age. The writer is inclined to believe, however, that the oil shales of the Green River formation may have been the source of all the vein hydrocarbons of the Uinta Basin, as well as of the asphaltic material that saturates certain sandstones of the region.
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Since the publication of the bibliography contained in Bulletin 641 the following papers have appeared dealing with the subject of oil shale:
RESULTS OF DRY DISTILLATION OF MISCELLANEOUS SHALE SAMPLES.
By DEAN E. WINCHESTER.
During the last two years numerous samples of black shale, coal, and lignite have been subjected to dry distillation by the writer in order to furnish data regarding their availability as a source, of crude oil. Many of the samples were collected by geologists as rock specimens, and some were taken expressly for the purpose of distillation, but regardless of whether the samples represent mmable thicknesses or the richest material at the locality the results are given here as a-record worth preserving.
ARKANSAS.
Sample 194. Black shale collected along road 3 miles east of Fayetteville, Washington County, by David White, October 9, 1916, from basal bed of Fayetteville shale (Carboniferous). Sample included 3 feet of an 8-foot bed on weathered outcrop. Results of distillation: Oil, 1£ gallons to the ton; ammonium sulphate, 7.50 pounds to the ton.
Sample 195. Black shale, collected on east side of road 2 miles north of Gravette, Benton County, by David White, October 11, 1916, from outcrop of Chattanooga shale (Devonian), bed 3 feet thick. Results of distillation: Oil, 1 gallon to the ton; ammonium sulphate, 2.59 pounds to the ton.
COLORADO.
The Green River formation was examined at two places by the writer at the end of the field season of 1916. Seven samples of the shale were taken, and the stratigraphic sections given below were measured. Three samples (187-189) were taken on the north side of Dry Fork Creek about sec. 7, T. 7 S., R. 100 W., and four (190) (191) (192) (193) 
